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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To 
obtain a zoom lens being an ultra- 
high variable power zoom lens 
whose power variable ratio is >6, 
capable of remarkably achieving its 
effect, having high performance, 
made compact and constituted of a 
comparatively small number of 
lenses by constituting a 2nd group 
of plural independent single lenses, 
and constituting a 4th group of a 
front group consisting of a positive 
single lens and a rear group where a 
positive lens is arranged nearest to 
an object side. 

SOLUTION: A 1st group G1 is 
constituted of a positive bonded 
lens obtained by bonding a negative 
lens and a positive lens, and a 
positive single lens. The 2nd group G2 is constituted of plural single lenses, 
that is. a negative single lens, a negative single lens, a positive single lens 
and a negative single lens. A 3rd group 03 is constituted of a positive 
single lens and a positive single lens and a negative single lens. The 4th 
group 04 is constituted of the front group F consisting of the positive 
single lens and the rear group R where the positive lens (positive single 
lens) is arranged on the object side and a negative single lens is arranged 
on an image side, that is, a positive single lens and a negative single lens. 
Thus, the lens whose variable power ratio is about 5 to 6 and which 
consists of a small number of lenses is obtained. 
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= 1.51633 


^12 


= 64,14 


r,, 


-89.788 


d, 4= 5.49 












r 


= -23 . 521 


d, 5 =1.50 






= 1.77250 




= 49.60 




= -49.738 


d,» = D4 




) 








f 


39.255 


96.432 


242. 


485 










1.13 


27.73 


53.80 








D, 


46.46 


23.48 


2.30 








D3 


17.11 


4.86 


1.69 








D. 


37.21 


62.43 


76.85 








d/f, =0.83 . fi 


/f. =2.93 


. f4 /ft =0.38 







(6) 0 0 1 - 1 3 4 1 1 

9 10 

[005 3] 





m2 








• 






f = 


39. 253^ 98. 897'-' 243 


.226 




- = 4. 


.74'-6.24— 


7.12 






= 112.030 


dx 


= 2.70 




= 1.84666 




= 23.78 


Fi 


= 74.750 


d, 


= 5.88 


n. 


= 1.48749 




= 70.21 


r J 


= -2185,048 


ds 


= 0.20 












= 67.270 


d. 


= 5.15 


n3 


= 1.49700 




= 81.54 


r 5 


= 377.486 


d, 


= Di (oJ^) 








r 6 


= 318.190 


d. 


= 1.95 


n* 


= 1.78590 




= 44.20 


Tj 


= 23.976 


d. 


= 7.78 










r. 


= -38.635 


d. 


= 1.55 


n, 


= 1.80400 




= 46.57 


r 9 


= 245.653 


d. 


= 0.40 










Fio 


= 68. 861 


dio 


= 5.43 


n. 


= 1.78472 




= 25.68 


Til 


= -42.1D3 


d„ 


= 0.33 










r 


= -39.638 


dw 


= 1-35 


n, 


= 1.77250 




= 49.60 




= -104.365 


di3 


= D^ ( PJI 










rx4 


=JKO 


d». 


= 1.10 












= 219.067 


d,, 


= 2.30 


n. 


= 1.60342 


V« 


= 38.03 




= -104.624 


d.. 


= 0.20 












= 31.991 


dw 


= 3.50 




= 1.48749 


V» 


= 70.23 


r ,8 


= 414.530 (#Wffi) 


di. 


= 0.80 












= -118.559 


d„ 


= 1.56 




= 1.80518 




= 25.42 


r 10 


= 90.985 


d,Q 


= D3 










r 11 


= 38.203 


d^^ 


= 4.12 


naa 


= 1.48749 


Vii 


= 70.23 




= -166.149 


d,, 


= 27.79 












= 71.134 


d,3 


= 3.86 


Hi, 


= 1.51633 




= 64.14 




= -96.836 


d,. 


= 4.72 










r2$ 


= -22.228 


d,s 


= 1.85 


Hi, 


= 1.77250 




= 49.60 




= -57.254 


d,s 


= D. (nJi 











(||18ffi)K=0, A, =1.44688 Xior'^ . A, =-3.25710X10"^'' 
A, =-1.49010X10"** . Aao =1.12611 XIO" 



f 


39.253 


98.897 


243.226 


D^ 


1.38 


26.85 


51.82 


D^ 


47.03 


23.95 


2.30 


D3 


9.04 


2.57 


1.69 


D4 


41.41 


67.05 


79.57 



d/f, =0.71 , fi /f, =2.83 , f4 /fr =0.30 

[0054] 

11*6^3 



f = 


39.324-^80. 


320^193.296 




= 4.69^5.81--7 


.20 




r^ 


= 97.603 


d. 


= 3.00 




= 1.84666 




= 23.78 




= 55.570 


d, 


= 6.70 


n2 


= 1.48749 




= 70.23 


r 3 


= -180.332 


d3 


= 0.25 












= 38.898 


d, 


= 4.80 


n. 


= 1.48749 




= 70.23 


r , 


= 148.972 


d, 


= Dx ( Bj^ 


:) 








r s 


= 537.682 


d. 


= 1.40 




= 1.77250 




= 49.60 


r 7 


= 18.488 


d, 


= 5.03 










r. 


= -36.538 


d. 


= 1.25 


n, 


= 1.77250 




= 49.60 


r , 


= -869.411 


d. 


= 0.20 











[0 05 5] 



C7) 2 0 0 1 - 1 3 4 1 1 

U 12 

rao = 32,874 d, 0 = 3.80 n» =1.78472 y» =25.68 

=-49.788 dit =0.60 

r,, =-38.178 di,=1.20 =1.77250 U j =49.60 

ri3 =65.808 dr, = Dz (nj^) 

rt.=^«9 dt4 = 0.65 

r,s =102.361 di, = 2.50 n» =1.48749 v. =70.23 

r,6=-51.986 da5 = 0.20 

r, 7 =25.420 du7 = 2.80 n, =1.51633 y, =64.14 

Fa, =275.453 d», = 5.43 

Tis =-41.987 di, = 1.20 n^p =1.84666 »/,» = 23.78 

r,o =-247.021 d,o = D3 (pj^) 

r, 1 =76. 300 d, 1 = 4. 00 nxi=l. 51633 l/ii = 64.14 

r =-57.143 d,, =16.09 

r, 3 =93. 079 d, 3 = 3. 80 Hi, =1.60311 Vi2=60.64 

r,, =-41.375 d,, =1.31 

r, 5 =-27.095 d,,=1.65 nij =1.74100 Mi, = 52.64 

r,, =-46.017 d,» = 2.44 

r2 7 =-21.275 d27=1.50 ni4=l. 72916 Vi, = 54.68 

r,, =-39.322 d„ = D4 (pJ^) 

f 39.324 80.320 193.296 

Di 1.44 14.86 28.44 

D, 24.59 14.63 2.10 

D3 6.16 2.82 1.15 

D, 38.94 56.34 74.22 

d/f. =0.41 . fi /f, =1.80 . f4 /fx =0.37 



f = 


39 . 324-- 80 . 299^193 . 297 


. F:^>>'^'- = 4. 


69-^ 5 . 81~ 


7.20 




Ti 


= 97.189 


di 


= 3.00 


ni 


= 1.84666 




= 23.78 




= 55.412 


d, 


= 6.70 


n. 


= 1.48749 




= 70.23 


r3 


= -185.832 


d. 


= 0.25 












=^39.133 


d4 


= 4.80 




= 1.48749 


V3 


= 70.23 




= 156.009 


ds 


= Di (PJI 










Vs 


= 441.343 


d» 


= 1.40 




= 1.77250 




= 49.60 




= 18.457 (^N^ffi) 


d7 


= 4.98 










r. 


= -36.313 


d. 


= 1,25 




= 1.77250 




= 49.60 




= -940.631 


ds 


= 0.20 










Vio 


= 32.732 


dio 


= 3.80 




= 1.78472 




= 25.68 


Til 


= -49.823 


dii 


= 0.60 










Ti, 


= -37.945 


di. 


= 1.20 


n. 


= 1.77250 




= 49.60 


ri3 


= 65.709 


di3 


= D, (pj^) 








ri4 


= ,^0 


di4 


= 0.65 










r IS 


= 105.250 


dis 


= 2.50 


n. 


= 1.48749 




= 70.23 


trs 


= -51.817 


die 


= 0.20 










r^y 


= 25.341 


dw 


= 2.80 


n. 


= 1.51633 




= 64.14 


Ti, 


= 259.852 


di. 


= 5.35 












= -41.928 


di. 


= 1.20 


Hio 


= 1.84666 




= 23.78 




= -234.917 


d,o 


= D3 (pfi 










Til 


= 75.459 


d,i 


= 4.00 


nil 


= 1.51633 




= 64.14 


r,2 


= -57.821 


d,, 


= 16.13 











C8) !^Pa2 0 0 1 - 1 34 1 1 





13 












14 




= 91.948 




= 3.80 




= 1.60311 




= 60.64 




= -41.366 


d,. 


= 1.31 










r,i 


= -27,249 




= 1.65 




= 1.74100 




= 52.64 




= -46.008 


d,s 


= 2.44 












= -21.230 


d,. 


= 1.50 


Hi, 


= 1.72916 




= 54.68 




= -39.446 


d,8 













(UTS) K = 0. A, =6.38774 Xior' . A6 =-1.74732X10-' 
A. =2.67755 Xior^'* . A, ^ = -1.49203X icr* 



f 


39.324 


80.299 


193.297 




1.43 


14.91 


28.44 




24.58 


14.64 


2.10 


Da 


6.15 


2.82 


1.15 




39.11 


56.41 


74.41 


d/f. 


= 0.41 . 


/f« =1.80 


. f 4 /fx 



[0 056] 



f = 


39.333-^79.654-^193 


.244 , F•:^>/^' 


— = 4 


.74^5.78^ 


7.24 






= 93.019 


di =2.50 




ni 


= 1.84666 




= 23.78 


Tz 


= 55.660 


d, =6.85 




n. 


= 1.48749 




= 70.23 


r J 


= -194.443 


da =0.20 














= 39.088 


d* =4.70 




ris 


= 1.48749 




= 70.23 


r. 


= 121.572 


d, =Di 










r» 


= 213.063 


d» =1.53 




n. 


= 1.77250 


If* 


= 49.60 


r. 


= 17.434 


dz =4.69 












r. 


= -44.280 


d» =1.25 




ns 


= 1.77250 




= 49.60 


r. 


= 75.293 


d, =0.20 












Tio 


= 33.520 


dio = 3.90 




n. 


= 1,78472 




= 25.68 


Til 


= -43.777 


dxi =0.51 












Til 


= -30.776 


diz =1.20 




n. 


= 1,77250 




= 49.60 


r 13 


= -490.883 


di3 = D, 


(^^) 








r 14 




di4 =1.10 












Tis 


= 223.317 


dis = 2.50 




n. 


= 1.48749 




= 70.23 


Tie 


= -40.960 


di, = 0.20 












Fw 


= 25.646 


di7 = 3.00 




n. 


= 1.52249 




= 59.84 


Fis 


= 267.921 


dia = 4.43 














= -38.708 


di» =1.20 






= 1.84666 


^10 


= 23.78 


r 20 


= -501.501 


d,o = D3 










Til 


= 95.358 


dii = 5.00 




nil 


= 1.48749 




= 70.23 


r w 


= -37.220 


dii =16.84 












= 110.946 


dj, =4.30 




ni. 


= 1.61772 


^12 


= 49.81 


r 14 


= -25.257 


d24 =1.65 






= 1.72916 




= 54.68 


r ,s 


= -53.152 


dis =2.17 












r 26 


= -21.831 


d,» =1.50 




ni4 


= 1.72916 


Vi4 


= 54.68 


r,7 


= -62.610 


d,, = D4 




^) 








f 


39.333 


79.654 


193.244 








Di 


1.00 


15.49 


28. 


78 








D, 


26.11 


15.27 


1.34 








D, 


7.02 


3.79 


2.06 








D4 


41.46 


57.38 


79. 


05 
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d/f« =0.43 . f, /f. =1 

[005 7 ] mMmmm 1 nmmmm bict^^minm 

mo 1 iftCDll2|¥G2iiEco||3^G3 ijE<Dll4S¥ 

[005 8] c ne^jfe^aicT)^ m i cc^mj*^^ i 

i;:<D# u > xo s »:) u > X <b:gcD# u >x i lEcD 
mu>x<b:iicD^ix>x<hj:o>^ccD. msmos^^iEO) 

4 »G 4 WxEcDJil U > XOlaSf F iiBJi^ffltJ^J^^iE U >X 

(iE<7)^U>X) 'C^CD#fflljCcSi(D#UX*geSL//cf^ 
i¥R. o^?)iECD#U>X<f::gCD#U>XJ:0*-Sf^^ 

[0 0 5 9 ] C<D||J»^1 CDX-AU>Xt3:. 
^^Tcfc^CC^ff^ ( 1 ) . (2). (3). (1- 

1) . (1-2) . (1-3) . (2-1) . (2- 

2) . (3-1). (3-2) CD-r^rcD^ff^^ffiJg-r 

[0 06 0] ^/cC(DjliS^l(DiRMt^ia^i. a 6^^ 

[0 06 1 ] S2{C^-r*|fe«?i|2{i. mi^Gl:<)5:6u 
> X i IE U > X ^ L jg^ U > X <!: IE O ^ U > X i 

>Xi:ilCD#U>XiiEU>X(D^U>X<hacD^U> 
XctcfcO^O. ll3g¥G3:«)5iE<Dmu>XiiE<D^U> 
XimcD^U'>X<bJ:OJ^cCO. m4g¥G4 7&iIE<D#U> 
XOtSf^F <hiK?»fIiW^iEU>Xr-^CO«ffiiJ«::&<D#U'> 
X^lBg L/cf^af Ro S «3 lEO* U>X<h ftCD# U>X 

[0062] mmm2^t. ms u>xffG 3 *(c*»s 
[0 06 3] ccommmz tmrnm i tmm(fcr^x<D 
[0 0 64] ^fcc(Dmim2(ommmh. htoc^^ 
[ 0 0 6 5 ] s 3 (fCMrmmms^t. mimGn^miy 

>X<hiEU>X*«^L/c®^U>X<biE<D#U>X<t 

ckO^dTO. m2g¥G2;&5ai^<D#u>Xo$»:):ga)mu 

>XiMCD^U>XiIEcD*U>X<bmc[>^U>X<h<I: 
OAjrO. m3gfG3:«^^iEcDiPU>X<hiEcO#U>X<hfi 
cD#U>X<b<i:f:)Aj:*:i, ®4S¥G4:05iE(D^u>X(Dfa 
m F <t^<*ffliJj&SiE U > X-C-ecD^ffliJtc:^ U > X^ 2 le 
S L/cf^Sf R <b 0 iEO* U > X<b 2 tJccomcD^ U > 



C9) !^P32 0 0 1 - 1 34 1 1 

16 

.86 . f.Xfj =0.34 

Xi J: J3 i^j: -Sf^SR i i: 0 ^'cf 

[0 06 6 ] SJSM3 ti. 112 U>XafG 2 cfiCC^N^S 

(r,) ^wtmc^ 

[0067] c<Dmmm3 ^t. n) . o) . 

(3-1) . (3-2) *siJE-r-5u>x^-e**o 

[0 0 6 8 ] JIS60»3OX-AU>X(DJRMtie»{*v 0 
10 >X<fciEU>X<i:*Jf'&L//t«-&U>X<hiEU>X<t<f: 

^rj:K). m2mG2{mm<Du>:x^ 
X :©co*b>X iEcDmu>X. :g(D^u>XJ:0 3^c 
0. m3^G3t*. iE<7)*U>XiiEO#U>X<b:ilC[> 
^U>X<b<*:»3^D> m4i¥G4«. iEO#U>X<DB5r 
SPF <5:f^f*(iW5iEU>XJ: 0 J^cC-S^afRo^ »:)iEcD# W 
> X <!: ft (D# U >X i :^(D^ U > X <!: J: «9 €>aSf R i 

[0 07 0 ] mmm4{t. ^ (o , (3) . o- 

1) . (3-2) SriaSST€>. 

20 [007 1 ] j^fcmmm4 (oK^mtm^t. m 9 cc.iK-ra 
[0 07 2] ms^tc^fkrmmmb^t. mimGHb^u 

>X<!:iEU>X^Sl^L/cS^^>XijEcO^U>XJ: 

dj^cC*). m2mG2ibiin(om\y>xtn(omu>xa]E 

. (D#lxX<hft(D^U>Xi JcJ^^'cCO. m3efG3}«^5iEcD 
#U>X<hiECD^U>X<hft<D^U>X<!:ctOJ5:0. M 
4SfG4^5iE(7>*U>X(DHSf«F <h!B5fl:jfflWSjEU>XJ: 
0?:c«5CCDiEU>Xi©U>Xi^g^L/cS^U>X 
<h©(D^ U >X(i: 9 i^j: ^f^af R <b cfc 0 , 

30 10 0 7 3 ] mmmb^t. ii) . o). (3- 
1 ) . (3-2) ^mSi-r^. 
[0 07 4] c(Dmmmb(ox-M.i^>xa:>f\Rmw5i 

mi o^^'rmK^'v$>^, 
[007 5] ±Mmmm^. mmm2 1 4 tcfflc^^nr 

z= (y^ /r) / [ 1+ {1 - (k+ 1 ) (y/r) 
M +A. y' +A4 y' +A. y* +A» y* 

H-A.oy'"+ • * • 

40 tcfcL. r \tmmmm(oSim¥-m. k^mm^. a 

z . A, . • • -^2;^^. 4;X • • -CD^i^tHfi^r 

[0 0 7 6 ] mmm 1 - 5 ±is*^jAft«. ^igj^^cfi 

mKmme^c^^rm^v^f). mmm2(Df\mimiit 
m7(fC. mmm3(Di\^mxmmsi<:. i^fcmmm4<D 
mmim^tm 9 (c. mifcmmm 5 coiR^t^ai^siH 1 0 (c 

^TilOr^-Sp f^C:tx606 7!;M0 1 0^:|cJlir. 

(A) . (B) . (c) ^^^^jAftig. ^mmj^Mm. 

50 SlM^CC:feC:f^jRMSr*2>o 



(10) 
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[007 7 ] Ji(±^-<A:*i%eg<DX-AU>X«, 

A. 7«7r-<>4<'-©»iESi:?''JXA. 8{*|g?0. 9 

^V>X2<O^Zt^<l>%^&ffi^^7K.ist^1nf<LVr 10 
I' > y-JcAW l,fc%k%i^JE^y <J XA 7 *J J:C/«Bg U 
>X 9 oTtl^^tC J: 0 tl^ 3 n 
[0 07 8] CCD* p<5«CflitiS^U>X2«:*^B^ 

<DX-Au>x*iffli,>6ns. X. ai3{i*i%i«ox 

©0 1 3 (C*Jl,»r. 1 0«— BgU7U^ri>X;<7^7-C. 
2»«iJU>X. 6«7^^UA. 1 U«aKU>X2© 

7feK3-t:U>X3^2 <!: 7 ^ JUA6 i®^1(CieSStl/ci' 

<i:'JJSSt3nfc7K^K:BBg$n/c7T-Y>:5<'-xi"j- 20 
>. 1 3(J-N.>5fr''';XA, I 4tity r ^>if~. 15 

[0 07 9] C©— U- -:/ i'X*^-? 1 0<ba*U 

>X2 <fc i/r*^Bj©x-Au>X3!>iffli,>p.nri<»-5. 

[0 080] !^fFlS3j?CD®HCCia*g-r .SX-A U>X© 
a*'yC(D^J®fC;^rX-A U>Xfegfif);£aRK6f#^. 

[008 1 ] < 1 ) m»mt^^mic. ]E<Dm imt. n 
mmomm^mtsmcticj:*)^m=&n^j:'^ u>x 

m-C (ll2»A^^0fc1gf^©*U'>X<D**>e»J& 30 
0) . ll4i¥*5iE<D#U>X©i5f*:.6%Smr©f<hiE©u 
>X(S^3- i *i©# U > X«: Wr S affif i «: r fliRR 3 tl/c 
X-AU>X. 

[0082) ( 2 ) i^3^FB»*©igH©gt*]a 1 «ciBts-r 

Sb>Xi^-c. ii2ffAiiB!i^fflij<to:t©*u>x. :g© 
*u>x. iE©#u>x. ft©#u>x«cr«fiX3ti. 
»4»©^SP*5. !gJ**flWJ:0iEO*U>Xt lt5cXW2 
U > X<k *:a>/j: < i Wr 4«lfiX-C* C t 

*^asi<i:-r.5x-Au>x. 

[008 3] (3) TfB©^ <3) €:SIJE-r-5Ci* 40 
IfSii-rSit^^S, 4$/cK5©X-Ab>X. 
(3) 0. 1 5 < f , /f , <0. 5 5 

[0084] ( 4 ) ^nm^<omm<Dn>i^m i. 2x« 

3*SC^Jf5ria© ( 1) . (2) Xit (3) ©«{ciB«8 

■rsu>X3^-c, ig4ef©f^sf*iiE©L'>x<bft©u> 

X<!:{cr«fiS3nri».5)C <b4r!^iii-r.SX-A U> 
X. 

[008 5] ( 5 ) il^i*it3}?©®H©fS^^ 1.2. 

3. 4. 5y.it6$)^i,^tm?.<D (I) (DmicMEnri, 

U>Xs^T?. ll4ef©BU©AijE©U>X<fcO>:cO, 114 50 
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S¥©f*g¥*ilE©u>x<tft©u>Xi:ft©u>Xi{cr 
«^ $ n r c > -5 c i ^ ItSi .h -r -s X - A u > X, 

[0 08 6] (6) #fFi»^©ffiH©i«3KJ13*St^S 

l«ia© ( 3 ) . (4 ) Xtt ( 5 > ©^fcffitt-j-s u>x 

?^-c. ( 1 ) ©ftotcTiB^ft: (1-1) 

i^i^mit-^^X-A U>X. 
(1-1) 0. 7<d/f. <1. 5 
[0 08 7] ( 7 ) i^i*i»^©ffiH©i«*31 1 . 2. 
3. 4. 5X«6*StrH*Bi)ia© ( 1) . (3). 

(4 ) . (5) xit (6) ©3i(cie*fe-r^> u>x^-c. 

^ 4 »©^af©iE© U >X*S# U >X-C* S C i «:«F« 
i-rSX— AU>X. 

[008 8] ( 8 ) #iti»*©«H©^*]ll . 2. 
3. 4. 5X»6*4t>»U^© (1) . (3). 

(4), (5). (6) Xli (7) ©:i(Ciat«-SU> 
X3S-C. ^4gf©^il©iE®U>X*S«^U>Xr*S 
C i *«F«i-r 2.x- A U>X. 

[008 9] ( 9 ) Buia© ( 1 ) ©:^K:gats-r-5 \^>x 

l^-C. ■r^T©U>X*S^MU>Xt?*2,Ci«r^<b 

•r*x-Au>x. 

[0090] (10) mwfmm(Dmmon^ i . 2 

X«3*^>CH*B5ise© ( 1 ) . (2), (3). 
(4) . (5) . (6) . (7) . (8) . (9) X« 

(10) ©«w:sB«t-*u>x^r. fKn^t^^mms^ 

^(Dms^mi^. mim. m2m, msm. m4m^^ 
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